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Abstract
We analyzed the process of Bs → ρρ decay in QCD factorization
(QCDF) and final state interaction (FSI) effects. In QCDF for this decay
we have only the annihilation graph and we expected small Branching
ratio. Then we considered FSI effect as a sizable correction where the in-
termediate states are pi0pi0, pi+pi−, K0K¯0 andK+K− mesons. To consider
the amplitudes of these intermediate states, QCDF approach was used.
The experimental branching ratio of Bs → ρρ is less than 3.20×10
−4 and
our result is 1.08×10−9 and 3.29×10−4 from QCDF and FSI, respectively.
1 Introduction
Final state interaction (FSI) effects in B decay was expected to play only the
role of a small correction to the standard description in short distance ampli-
tude. In factorization approach, the amplitude of a B decay mode which is
describe the short distance contributions, consists of 1) the usual factorization
amplitude of color-allowed and color-suppression, 2) the annihilation topology
(w-exchanged or w-annihilation) [1]. In pure annihilation B decay mode, the
theoretical amplitude is often too small in comparison to expected date. In this
decay mode FSI effects may play an important role. Where after a weak de-
cay, the intermediate state particles re-scatter into the final particles through a
nonperturbative strong interaction. The nonperturbative nature of FSI effects
makes it difficult to study in systematic way so some different mechanisms of
the rescattering effects have been considered [2, 3]. To analyze a B-meson decay
through FSI, it is important to understand the structure of the intermediate
multiparticle states. One can treats FSI as the soft rescattering processes of
intermediate two-body hadronic states e.g. Bs → K0K¯0 → ρρ and omit the
other intermediate multi-body states, where after weak decay of B-meson to
two light mesons, they rescatterd to two new mesons through nonperturbative
strong interaction. The hadronic loop level (HLL) is used in the strong interac-
tion process where it is obtained from the effective chiral Lagrangian [2, 3].
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Our result for QCDF approach was 1.08× 10−9 where the leading order results
for coefficients Ci was used and the correction terms was omitted. Experimental
result is less than 3.20× 10−4 [13]. since, the results from QCDF approach is
very small, the FSI effect can may give a sizeable correction where the inter-
mediate states are π0π0, π+π−, K0K¯0 and K+K− mesons. We calculated the
Bs → ρρ decay according to the HLL method. In this case, the branching ratio
is 3.29× 10−4.
This paper is organized as follows. In section 2 we present the QCDF approach
and calculated the amplitudes of the main decay and the intermediate states
through QCDF approach. Then, in section 3 we present the FSI effects and
calculated the amplitude of Bs → ρρ decay from three possible intermediate
states. In section 4 we give the numerical results, and in the last section we
have a summery.
2 Weak amplitude of the pure annihilation B
decays
To calculate the amplitudes of the pure annihilation B decay modes we use the
QCD factorization method where we just consider the annihilation topology.
We consider b-quark decay and use the convention that M1(M2) meson contain
an anti-quark (quark) from the weak vertex with longitudinal momentum frac-
tion y¯(x) where M1 and M2 are the final mesons [4]. The weak annihilation
contributions to the decay B →M1M2 can be described in terms of the building
blocks bi and bi,EW
M(B →M1M2) = −iGF√
2
∑
p=u,c
λpfBfM1fM1
∑
i
(dibi + d
′
ibi,EW ). (1)
Where λp = VpbV
∗
pq with q = d, s and the building blocks have the expressions [5]
b1 =
CF
N2C
C1A
i
1,
b2 =
CF
N2C
C2A
i
1,
b3 =
CF
N2C
[C3A
i
1 + C5(A
i
3 +A
f
3 ) +NcC6A
f
3 ],
b4 =
CF
N2C
[C4A
i
1 + C6A
f
2 ],
b3,EW =
CF
N2C
[C9A
i
1 + C7(A
i
3 +A
f
3 ) +NcC8A
f
3 ],
b4,EW =
CF
N2C
[C10A
i
1 + C8A
f
2 ], (2)
The subscripts 1, 2 and 3 of Ai,fn denote the annihilation amplitudes induced
from (V −A)(V −A), (V −A)(V +A) and (S−P )(S+P ) operators, respectively,
and the superscripts i and f refer to gluon emission from the initial and final-
state quarks, respectively and shown in Fig.1 and given by [5]
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Figure 1: Annihilation correction to B → P1P3, where (a)and (b) correspond
to Af1 , while(c) and (d) give rise to A
i
1.
Ai1 = παs
∫ 1
0
dxdy
(
ΦM2(x)ΦM1 (y)[
1
y(1− xy¯) +
1
x¯2y
] + rM1χ r
M2
χ Φm2(x)Φm1(y)
2
x¯y
)
,
Af1 = 0,
Ai1 = παs
∫ 1
0
dxdy
(
ΦM2(x)ΦM1 (y)[
1
x¯(1− xy¯) +
1
x¯y2
] + rM1χ r
M2
χ Φm2(x)Φm1 (y)
2
x¯y
)
,
Af2 = 0,
Ai3 = παs
∫ 1
0
dxdy
(
rM1χ ΦM2(x)Φm1(y)
2y¯
x¯y(1− xy¯) − r
M2
χ ΦM1(y)Φm2(x)
2x
x¯y(1− xy¯)
)
,
Af3 = παs
∫ 1
0
dxdy
(
rM1χ ΦM2(x)Φm1(y)
2(1 + x¯)
x¯2y
− rM2χ ΦM1(y)Φm2(x)
2(1 + y)
x¯y2
)
. (3)
When all the basic blokes equation are solved, we found that weak annihi-
lation kernels exhibit endpoint divergent [5]:
XA =
∫ 1
0
dy
y
. (4)
Since the treatment of this logarithmically divergence is model depended, sub
leading power corrections generally can be studied only in a phenomenological
way. While the endpoint divergence is regulated in Perturbative QCD approach
by introducing the parton’s transverse momentum, it is parametrized in QCD
factorization by modifing y → y + ǫ whith ǫ = O(λQCD/mB) [5, 6], so we
replace Eq. (4) by:
XA =
∫ 1
0
dy
y + ǫ
= ln
mB
λh
(1 + ρAe
iΦA). (5)
Different XA are allowed for four cases: PP, PV, VP and VV where P(V) is
a final meson by pseudoscalar (vector) polarization. for VV case, in [7], by
evaluating the convolution integrals with asymptotic distribution amplitudes
Φ(x) = Φ‖(x) = 6xx¯, Φp = 1, and Φv(x) = 3(x − x¯), we find the simple
expressions
Ai1 ≃ Ai2 = 2παs(9(XA − 4 +
π2
3
) + (rV⊥)
2(XA − 2)2),
Ai3 = 0,
Af3 = −36παsrχ(2X2A − 5xA + 2). (6)
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Now we can calculate the weak amplitude of the Bs → ρρ decay and the inter-
mediate state. According to the annihilation diagrams of the Bs → ρρ decay
which is given in Fig.2 the pure annihilation amplitude is given by
M(B → ρρ) = −iGF√
2
fBsf
2
ρVtbV
∗
td(2b4 − b4,EW ). (7)
Figure 2: Feynman diagram for Bs → ρρ decay
3 weak amplitude of the intermediate states
To consider the FSI effects in Bs → ρρ decay, we must extract the accessible
intermediate states and calculate the weak amplitude of them. According to the
Fig.3, by considering the uu¯ part of the ρ mesons while tow intermediate mesons
and final state mesons, exchange the same quark ( u-quark ), π0 and π0 meson
can be produced for the intermediate state via exchange π0(ω) meson. Likewise
when two intermediate mesons exchange d-quark (s-quark) and two final state
mesons exchange u-quark, π+π− (K(∗)+ K(∗)−) mesons can be produced for the
intermediate state via exchange π+ ( K(∗)0) mesons. And by considering the dd¯
part of the ρ mesons while the two intermediate mesons exchange d-quark (u-
quark or s-quark ) and two final state mesons exchange d-quark, π0π0 ( π+π−
or K(∗)0K¯(∗)0 ) mesons can be produced for the intermediate state via exchange
π0(ω) ( π+ or K(∗)0 ) meson. Now that the intermediate states obtained, we
Figure 3: Quark level diagram for Bs → ππ → ρρ.
can calculate the weak amplitude of these intermediate states which produced
in Bs → m1m2 decay modes where m1 and m2 are the intermediate state
mesons. In tow case, π0 π0 and π+π−, we calculate the amplitude is similar
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to the B → ρρ decay mode since these decay modes are pure annihilation. So
according to sec.2, we have
M(Bs→ π0π0(π+π−)) = −iGffBsf2pi(VubV ∗usb1 + 2VtbV ∗tsb4). (8)
But in the other cases, the color-allowed and color-suppression topology are
allowed and we must consider the usual factorization approach [7, 9] to calculate
the amplitude. So we have
M(Bs → K0K¯0) = −iGFVtbV ∗td
{
fKF
BsK
0
0 (M
2
Bs
−M2K)a4
+fBsf
2
K(2b4)
}
, (9)
where the coefficients a4 correspond to the penguin topology and is defined as:
a4 = C4 +
1
Nc
C3, (10)
In the QCD factorization amplitude, all terms are not expected to be equally
large. The color-allowed and color-suppression topology (ai terms) which inv-
ole form factors are dominate and the annihilation topology (bi terms) can be
neglected [10].
Likewise we have:
M(Bs → K0∗K¯0∗) = −iGF√
2
{
fK∗mk∗ [(ǫ
∗
1.ǫ
∗
2)(m
2
Bs
+m2K∗)A
BK∗
1 (m
2
K∗)
−(ǫ1.pB)(ǫ2.pB) 2A
Bk∗
2 (mk∗)
(m2B +m
2
K∗)
]a4VtbV
∗
td
−fBsf2K∗VtbV ∗td(2b2)
}
, (11)
M(Bs → K+K−) = −iGFVubV ∗us{fKFBsK0 (M2Bs −M2K)a1}
+iGF fBsf
2
K{VubV ∗usb1 + VtbV ∗ts(b4 + b4,Ew)}, (12)
M(Bs → K0∗K¯0∗) = −iGF{fK∗mk∗ [(ǫ∗1.ǫ∗2)(m2Bs +m2K∗)ABK
∗
1 (m
2
K∗)
−(ǫ1.pB)(ǫ2.pB) 2A
Bk∗
2 (mk∗)
(m2B +m
2
K∗)
]VubV
∗
uda1}
+iGffBsf
2
K∗{VubV ∗udb1 + VtbV ∗td(b4 − b4,EW )}. (13)
4 The one particle exchange method for FSI
At the quark level, final state re-scattering can occur through quark exchange
and quark annihilation. The quark level diagram for B → ρρ decay is shown in
Fig.3. This decay has only quark annihilation mode, since the final mesons ( ρ
) have the same flavour quark-antiquark. In practice, it is extremely difficult to
calculate the FSI effects, but at the hadronic level formulated as re-scattering
processes with s-channel resonances and one particle exchange in the t-channel.
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S-channel resonant FSI effects in B → ρρ decay is expected to be vanished be-
cause of the lack of the existence of resonances. Therefore, one can model FSI
effects as re-scattering processes of two body intermediate state with one parti-
cle exchange in the t-channel and compute the absorptive part via the optical
theorem [2]. So, according to the hadronic loop level (HLL) diagram, shown in
Figure 4: t-channel contributions to final state interaction in B → ππ → ρρ
decay due to one particle exchange.
Fig.4, the absorbtive part of the amplitude calculated with the following formula
Abs
(
Bs(pB)→ π(p1)π(p2)→ ρ(p3)ρ(p4)
)
=∫ 1
−1
|−→p1|d(cos θ)
16πmB
A
(
Bs → π(p1)π(p2)
)
×G(π(p1)π(p2))→ ρ(p3)ρ(p4)), (14)
where the A(Bs → ππ) is the amplitude of the decay of the B meson to the
intermediate state and G(ππ → ρρ) involves the hadronic vertices factor, which
are defined as
< π(p3)ρ(p2, ǫ2)|i£|π(p1) > = −igpipiφε2.(p1 + p3),
< ω(p3, ε3)ρ(p2, ǫ2)|i£|π(p1) > = −igωpiρεµναβεµ2ε∗ν3 pα1 pβ2 .
(15)
The magnitude of the effective couplings can be extracted from experimental [8].
As an example, the effective coupling gpipiρ is relevant to the ρ → ππ process
shown in Fig.5.
So, for diagram (a) in Fig.4 the absorptive part of the amplitude of the B →
Figure 5: The effective coupling vertex on (a) hadronic, (b) quark level.
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ππ → ρρ proses where π meson is exchanged particle at t-channel is given by
Abs(4a) =
∫ 1
−1
|−→p1|d(cos θ)
16πmBs
M(Bs → ππ)gpipiρ(2ǫ2.p1)
×gpipiρ(2ǫ4.p2)× F
2(q2,m2pi)
q2 −m2pi
=
g2pipiρ
4πmBs
M(Bs → ππ)
∫ 1
−1
|−→p1|d(cos θ)F
2(q2,m2pi)
q2 −m2pi
H1, (16)
where the θ is the angle between p1 and p3 and q = p1 − p3 is the four
momentum of the exchanged K meson and
H1 = (ε3.p1)(ε4.p2),
q2 = m21 +m
2
3 − 2E1E3 + 2|−→p1||−→p3| cos θ. (17)
F (q2,m2q) is a form factor or a cut-off which is introduced to that hadronic
vertices takes care of the off-shell effect of the exchanged particle. Here we have
followed [2] while in [11] different form is used. So we have
F (q2,m2q) =
(Λ2 −m2q
Λ2 − q2
)2
. (18)
The parameter Λ is the off-shellnes compensating in function F (q2,m2q) which
is not an universal parameter, but is should be near the mass of the mesons
involved in the effective coupling.
Likewise, for the diagram (b) in Fig.4, the absorptive part for the B → ππ → ρρ
proses where ω meson is exchanged particle at t-channel is given by
Abs(4b) =
∫ 1
−1
|−→p1|d(cos θ)
16πmBs
M(Bs → ππ)(−i)gωpiρεµναβεµ3ε∗νq pα1 pβ3
×(−i)gωpiρερσληερ4ε∗σq pλ2pη4
F 2(q2,m2ω)
q2 −m2ω
=
g2ωpiρ
16πmBs
M(Bs → ππ)
∫ 1
−1
|−→p1|d(cos θ)F
2(q2,m2ω)
q2 −m2ω
H2, (19)
where
H2 = −2
[
(p1.p4)(p2.p3)− (p1.p2)(p3.p4)
]
+ p03
[
p04(p1.p2)
−(p02 − |−→p2|)(p1.p4)
]
+ (p01 − |−→p1|)
×[(p02 − |−→p2|)(p3.p4)− p04(p2.p3)]. (20)
As the bridge between the dispersive part of the FSI amplitude and the absorp-
tive part, the dispersion relation is
Dis(m2B) =
1
π
∫ ∞
s
Absa(s
′) +Absb(s
′)
s′ −m2B
ds′, (21)
where s′ is the square of the momentum carried by the exchanged particle and
s is the threshold of intermediate states, in this case s ∼ m2B .
Finally the amplitude of the Bs → ππ → ρρ decay via HLL diagram is
A(Bs → ππ → ρρ) = Abs(4a) +Abs(4b) +Dis(4). (22)
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Likewise, we can calculate the FSI effects comes from other intermediate states
(K(∗)+K(∗)− and (K(∗)0K(∗)0) by replacing ππ with these new intermediate
states in above formula.
5 Numerical Results
In this paper we used Wilson coefficients ci in leading order (LO) at µ = mb
which are given by [9]
c1 = 1.114, c2 = −0.308,
c3 = 0.014, c4 = −0.030,
c5 = 0.009, c6 = −0.038,
c7 = −3.4× 10−4, c8 = 3.7× 10−4,
c9 = −0.01, c10 = 0.002.
The elements of the CKM matrix can be parametrized by three mixing angles
A, λ, ρ [12] and a CP-violating phase η
Vud = 1− λ2/2, Vus = λ, Vub = Aλ3(ρ− iη),
Vcd = −λ, Vcs = 1− λ2/2, Vcb = Aλ2,
Vtd = Aλ
3(1− ρ− iη), Vts = −Aλ2, Vtb = 1.
The results for the Wolfenstein parameters are
λ = 0.2257± 0.001, A = 0.814± 0.02,
ρ¯ = 0.135± 0.023, η¯ = 0.349± 0.016,
and we use the central values of the Wolfenstein parameters and obtain
Vud = 0.9745, Vus = 0.2257, Vub = 0.0013− 0.0033i,
Vcd = −0.2257, Vcs = 0.9745, Vcb = 0.0415,
Vtd = 0.0081− 0.0033i, Vts = 0.0415, Vtb = 1.
For endpoint parametrizing in QCD Factorization approach according to the
polarization of the final mesons we give: ρ = 1, Λ = 0.5, ΦA = −400(V V ) ,
ΦA = 20
0(PV ), ΦA = −550(PP ) [6].
The mass of the mesons and decay constants are given in unit of GeV:
mB = 5.28, mK = 0.49 , mK∗ = 0.89, mρ = 0.775, mpi = 0.139, mω = 0.783,
fBs = 0.230, fk = 0.16, fk∗ = 0.214, fpi = 0.133, fρ = 0.216, f
⊥
K∗ = 0.175,
FBsK0 = 0.26, A
BsK
∗
1 = 0.29, A
BsK
∗
2 = 0.26, . [1, 14]
The other input parameters used are given by:
gKKρ = gK∗K∗ρ = 3.025, gωpiρ = 5.89,r
K
χ = 1.09,r
K∗
χ = 0.29, [14, 15, 16]
Table 1: The branching ratio of B → φφ decay with η = 0.5 ∼ 1. (in units of
10−4).
η 0.5 0.6 0.7 0.8 0.9 1 EXP. [13]
BR 0.23 0.47 0.88 1.42 2.22 3.29 <3.20
We calculated the branching ratio for the QCD Factorization method as 1.08×
8
10−9 which is very small compared to the experimental result .Within FSI the
branching ratio is shown in table 2 and if η = 1 selected, the branching ratio is
3.22× 10−4 which is near to experimental result.
6 summery
We analyzed the B → ρρ decay in QCD Factorization approach and then we
added the final state interaction effects. In QCD Factorization approach we
have just weak annihilation topology and as we expected we have obtained a
small branching ration 1.08 × 10−9 while after considering the FSI effect we
have obtained 3.29 × 10−4 which is near to upper bound of the experimental
value which is 3.20× 10−4 [13]. The main phenomenological parameter in FSI
effects is η which is determined from the measured ratios. Its value in form
factor is expected to be of the order of unity. In this work we have considered
η = 0.5 ∼ 1 and the best result obtained by η = 1.
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